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INTRODUCTION 
The mimosa webworm, Homadaula anisocentra Meyrick (Lepidoptera: 
Plutellidae), a native of China, was first recorded in the United States 
feeding on ornamental mimosa, Albizzia julibrissin Durazzini, in 
Washington, D.C. in 1940 (Clarke, 1943). Since that time, it has 
expanded its range throughout the eastern United States (Webster and 
St. George, 1947; Rodriguez, 1961) and onto the west coast (Heppner 
and Dekle, 1975; Furniss and Carolin, 1977), becoming a serious pest 
of selections of honeylocust, Gleditsia triacanthos L., as well as 
mimosa. The extensive planting of G. triacanthos cultivars as a re­
placement tree following the decline of the American elm has hastened 
this spread. Even though it is considered a desirable urban tree, 
cultivars of ornamental honeylocusts have been removed from many 
approved and recommended planting lists because of the aesthetic loss 
caused by extensive mimosa webworm defoliation. Repeated seasonal 
defoliation by the mimosa webworm also can act as a stress factor, 
predisposing trees to attacks by secondary insects and pathogens 
(Johnson and Lyon, 1976; Pirone, 1978; Bedker et al., 1982). 
During the past 6-8 years, dramatic fluctuations in mimosa webworm 
populations have been observed in central Iowa. Most notably, low 
first generation defoliation levels were observed following severe 
winters, in contrast to high first generation defoliation levels 
following mild winters. 
To maintain permanent populations in temperate climates, insects 
must develop adaptions to survive low winter temperatures. This results 
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in the development of coldhardiness, a phenomenon first defined by 
Salt (1953) as an insect's ability to supercool (the ability to cool 
below the freezing point without ice formation) or the insect's 
resistance to freezing. Extensive work had been done on this process. 
In most cases, however, only physiological and biochemical aspects of 
coldhardiness have been emphasized, the relationship of behavioral 
and ecological aspects to winter conditions in the field largely having 
been ignored (Danks, 1978). 
To determine from an ecological standpoint whether or not there 
was a cause-effect relationship between winter temperatures and the 
population levels of mimosa webworm, a study was initiated to define 
the effect of minimum winter temperatures on overwintering mimosa 
webworm pupae. The study, as reported here, had the following objectives: 
(1) to determine the effect of winter temperatures on overwintering 
pupal survivorship; (2) to determine the importance of the quality and 
the number of available potential overwintering sites on pupal survivor­
ship, (3) to determine if specific coldhardiness factors, supercooling 
ability and glycerol production were involved and if these changed in 
response to environmental changes and/or through time; and (4) to 
determine if management of overwintering pupae could be incorporated 
into an overall pest management program. 
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LITERATURE REVIEW 
Life History of the Mimosa Webworm 
The mimosa webworm (MWW) overwinters in the pupal stage inside 
cocoons located in the cracks and crevices of the host tree, under 
siding of heated structures, on door frames, behind shutters, etc. 
(Ryan and Stockdale, 1974; Craig, 1977). Adults emerge in Iowa from 
early to mid-June. The adults are steel-gray with small black dots 
on the forewings, have a wing span of 9.5 mm to 11.1 mm and a body length 
of 4.8 mm (Craig, 1977). During the two-week adult life span, the 
females lay small, spherical, white eggs on the leaflets, rachi, 
petioles, and on the bark of small branches and twigs of the honey-
locust (McManus, 1962; Zewadski, 1976; North and Hart, 1983). The 
greenish-brown larvae, with tan to brown head capsules, emerge after 
five to seven days and begin feeding on the leaflets (Craig, 1977). 
The first larval instars begin webbing the leaflets together to 
construct protected feeding areas; all subsequent eggs then are laid 
on this webbing (North and Hart, 1983). Mature larvae are slender, 
about 25 mm long, grayish with a dark brown head capsule, and have 
five light colored stripes running the length of the body (Craig, 1977) . 
The first generation larvae pupate in the old webbing in late July. 
The adults emerge in August, oviposit, and the second generation larvae 
feed until late September. Upon maturation, these larvae descend to 
the ground on silk threads, move toward a vertical object, ascend until 
a crack or crevice is found, spin a cocoon therein, and pu&ate in 
preparation for winter. Pupation is usually completed by late October. 
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A partial third generation sometimes is observed in the northern limits 
of the insect's range with a possible full third generation infrequently 
developing in southern Iowa. 
CoIdhardines s 
The study of coldhardiness in insects began with the early works 
of Reamur in the 1730s subsequent to the development of the mercury 
thermometer by Fahrenheit in 1714 (Payne, 1926a). Reamur, in 1736, 
placed small larvae in a freezing mixture of marine salt and water. 
The larvae then were placed in a glass tube and the freezing temperature 
recorded. The larvae were able to withstand -8° or -9°Reamur (-20.0 
to -20.5°C) without dying (Payne, 1926a). 
The use of small mercury thermometers by a number of scientists 
in the early 1800s to measure individual insect temperatures provided 
the foundation for later work on insect temperature and cold resistance. 
Precise measurement, however, had to wait for other developments. In 
1801, Volta discovered that an electric current was produced when a 
temperature change occurred at the junction of two unlike metals, thus 
resulting in the development of the first thermocouple. Further 
development of thermo-electrics led to the use of the newly invented 
galvanometer by Seebeck in 1822 who measured the electro-magnetic field 
(EMF) set up at the junction of the two differing metals and correlated 
these measurements with temperature change (Payne, 1926a). By 1831, 
Nobili and Melloni were using the thermocouple to record the temperature 
of insects and small animals. Bachmetjew (1901) performed the most 
comprehensive work on the subject of insect temperature, reaching the 
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following conclusions: (1) The time rate of cooling determines the 
supercooling point and hence the critical point; the more rapid the 
cooling, the higher the supercooling point. (2) The percent "sap" 
(body fluids) is inversely proportional to the freezing point. (3) 
The point of death is reached when the insect reaches the supercooling 
temperature a second time. The lowest supercooling point obtained by 
Bachmetjew was -15.7°Reamur (-22.0°C) (Payne, 1926a). 
More recently, the subject has received considerable attention 
with the focus being on the diversity of physiological mechanisms that 
aid in surviving cold winter conditions (Salt, 1961; Somme, 1964; 
Asahina, 1969; Baust and Miller, 1970). 
Salt (1961) divided coldhardy insects into two general categories, 
freezing tolerant and freezing susceptible. Freezing tolerant insects 
are defined as insects that can survive actual ice formation in their 
tissues. However, freezing tolerance is a relative term because 
survival decreases both with decreasing temperatures and with prolonged 
exposure. In contrast, freezing intolerant insects are defined as 
those insects that cannot tolerate ice formation in their tissues and 
rely on their supercooling abilities and production of cryoprotectants 
to avoid freezing. 
The Concept of Supercooling 
The supercooling point (SCP) is defined by Salt (1959) as the 
temperature at which spontaneous freezing is initiated and represents 
the lower limit of survival. According to Salt (1966a), the ability 
to exist in a supercooled state depends on several physical factors 
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such as the level to which the system is cooled, the solute concentra­
tion, the sample volume, and presence of ice nucleating agents, those 
components with the ability to organize water molecules into an ice-like 
configuration. 
In general, insect eggs have a lower mean SCP than other life 
stages (Somme, 1982). A low SCP is also found in larvae, especially 
those that overwinter above the ground and receive little or no protec­
tion as the result of snow cover. Somme (1982) states that relatively 
few pupae have been studied, but it appears that their ability to super­
cool is poorer than eggs or larvae. The SCPs for various Lepidoptera 
pupae found in soybeans in Illinois were in the range of -22°C to -29°C 
(Roberts et al., 1972). Supercooling in adult insects has been studied 
primarily in the Coleoptera and a few species of adult Hemiptera. 
Other groups studied include winter active insects (Somme and Ostbye, 
1969), Collembola (Somme and Conradi-Larsen, 1977), and various species 
of Arachnida (MacPhee, 1963, 1964; Somme, 1978; Block and Somme, 1982). 
In addition to temperature, time also is an important component 
in the supercooling process. The chances of nucleation increase both 
with decreasing temperature and with increasing time (Somme, 1982). 
The probability that spontaneous freezing may occur at temperatures 
above the SCP increases with the time of exposure (Somme, 1982). 
Salt (1966b) found in larvae of Cephus cinctus Norton (Hymenoptera: 
Cephidae) that when mean time to freeze at different constant tempera­
tures was plotted on a logarithmic scale, an almost perfect linear 
relationship resulted. MacPhee (1961), by using exposure times from 
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15 minutes to 16 hours, found a linear relationship between percentage 
of frozen eggs of the European red mite (ERM) Panonychus ulmi (Koch) 
(Acari: Tetranychidae) and the logarithm of the time of exposure at 
various constant temperatures. The effect of prolonged exposures at 
temperatures close to the insect's SCP also can be an important factor 
in insect survival. Decker and Maddox (1967) showed that although the 
SCP s were quite similar, the two leafhoppers, Empoasca fabae (Harris) 
and recurvata De Long (Homoptera: Cicadellidae) differed in their 
ability to survive cold exposures without freezing at lower subzero 
temperatures. 
Insects that overwinter in exposed areas, subjected to severe 
winter winds and low temperatures, may experience extreme desiccation. 
This in turn may have an impact on the insect's ability to supercool. 
Payne (1926b) found that by drying larvae of Synchroa punctata (Newn.) 
(Coleoptera: Melandryidae) over CaCl2, a considerable increase in 
their supercooling ability was observed. However, according to Salt 
(1956b, 1961), water loss must be extreme before supercooling ability 
is increased. Somme (1964) found that the SCP of prepupae of 
Diplolepis radicum (Osten Sacken) (Hymenoptera: Cynipidae) was 
lowered by 3°C when one-third of their water content was lost by 
artificial drying. Ring and Tesar (1981) discovered that extractable 
water in the larvae of Rabdophaga sp. (Diptera: Cecidomyiidae) 
that have extreme supercooling ability fell from 68% to 38% during 
low temperature acclimation. 
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The Role of Cryoprotectants 
Polyols, especially glycerol, have been implicated as antifreeze 
agents in freezing susceptible insects (Salt, 1957, 1959; Somme, 1964, 
1967, 1969; Mansingh and Smallman, 1972; Frankos and Piatt, 1976; 
Zachariassen, 1980). Wyatt and Kalf (1958) first discovered glycerol 
in insects in the haemolymph of the silk moth, Hyalophora cecropia (L.) 
(Lepidoptera: Saturniidae). The relationship between polyhydric 
alcohols and coldhardiness was first studied by Salt (1957, 1959). 
He has further defined the roles played by glycerol, supercooling 
extension, and freezing tolerance in a variety of species (Salt, 1953, 
1956b, 1959, 1961). Salt (1959), Somme (1964, 1965a), Asahina (1966), 
and Baust and Miller (1970) all reported seasonal variations in the 
concentration of glycerol. Baust and Miller (1970) found that glycerol 
levels varied in Pterostichus brevicornis (Kirby) (Coleoptera: Carabidae) 
from 22% in the winter to less than 1% in spring and summer. Glycerol 
levels were closely correlated with changing supercooling points. 
During this same period. Somme contributed information on the diversity 
of species tolerant to freezing and/or able to extend supercooling to 
avoid freezing (Somme, 1964, 1965a). Somme (1965b), Mansingh and 
Smallman (1972), and Morrissey and Baust (1976) discovered that sorbitol 
also may act as a cryoprotectant. Other chemicals that may serve as 
cryprotectants include the polyol mannitol (Somme, 1969, 1981), and 
sugars such as glucose (Tanno, 1964; Block and Zettel, 1980), trehalose 
(Tanno, 1964; Somme, 1969; Block and Zettel, 1980), and fructose 
(Tanno, 1964). 
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Seasonal Variation in Coldhardiness 
Seasonal changes in SCP temperature have been studied for a large 
number of species (Somme, 1982). Merivee (1978) distinguished among 
four major types of seasonal changes in the SCP: (1) the undynamic 
type that applies to some freezing tolerant insects in which the mean 
SCP is not lowered during the autumn or winter; (2) the winter dynamic 
type, where the curve of the seasonal dynamics of the SCP has a 
sinusoidal form; (3) the autumn dynamic type, where the greatest changes 
in SCP take place in the autumn, while noticeable changes do not occur 
during winter and early spring; (4) the spring dynamic type, character­
istic of overwintering eggs of some Lepidoptera, where the SCPs of the 
eggs are quite low shortly after they have been deposited and change 
little during autumn and winter until a sharp increase in the SCP is 
found during early spring. 
Seasonal changes in the SCP can be explained by regulating factors. 
Salt (1959) first demonstrated seasonal changes in supercooling in the 
larvae of Bracon cephi (Gahan) (Hymenoptera: Braconidae). Mean SCP 
fell to -41.2°C during the autumn and early winter, but quickly raised 
during the spring. In conjunction with the changes in supercooling 
were increases in glycerol content from 0.02 molar in August to 2.8 
molar in November and then a decrease to a negligible amount in May. 
The relationship between diapause and SCP changes as affected by 
cryprotectants was first evaluated in the late 1950s. Chino (1957, 
1958) found that glycerol and sorbitol were converted from glycogen 
during diapause in eggs of Bombyx mori (L.) (Lepidoptera: Bombycidae) 
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but reconverted when diapause was broken. Wyatt and Meyer (1959) 
found similar patterns in pupae of Hyalophora cecropia (L.)- Somme 
(1964, 1965a) suggested that glycerol accumulation was more or less 
independent of ambient temperature and continues until diapause 
termination. Mansingh (1974) found a close relationship between 
diapause and coldhardiness in eggs of Malacosoma americanum (Fabricius) 
(Lepidoptera: Lasiocampidae). While the glycerol level remained at 
1.5% during pre-diapause embryonic development, it increased to 11.2% 
during induction and maintenance of diapause. Hansen (1973) observed 
changes in the SCP of the larvae of Petrova resinella (L.) (Lepidoptera: 
Olethreutidae) from -15°C in October to -48.5°C in January. Midwinter 
glycerol levels were as high as 30% fresh weight, but declined sharply 
in the spring when diapause was broken. Further evidences for the 
relationship between diapause and polyol levels include work by Krunic 
and Salt (1971) and Mansingh and Smallman (1972). However, in other 
situations, the relationship is not quite clear. In pupae of 
Hyalophora cecrophia polyol production is controlled in part by the 
influence of both environmental temperature and the level of glycerol 
in the haemolymph on the phosphorylase system. A regulatory feedback 
system has been suggested (Ziegler and Wyatt, 1975). Some insects 
such as Limentitis archippus (Cramer) (Lepidoptera: Nymphalidae), 
larval glycerol levels attained during diapause seem to be a function 
of environmental temperature and neither a consequence of diapause 
nor a measure of diapause intensity (Frankos and Piatt, 1976). Hansen 
(1978) found in pupae of Apatele psi Linneaus (Lepidoptera: Noctuidae), 
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a portion of the glycerol accumulation could be accounted for by diapause, 
but a greater portion was probably caused by low environmental tempera­
tures. Ring (1972), working with the larva of the blowfly, Lucilia 
sericata (Mg.) (Diptera: Calliphoridae), found very little correlation 
between diapause and the level of supercooling ability. 
Few studies have focused on exogeneous cues that may act to 
stimulate each or all of the adaptive patterns for overwintering. 
Temperature (Baust and Miller, 1970; Baust, 1981), photoperiod (Duman, 
1980; Horwarth and Duman, 1981), and dietary carbon source (Baust and 
Edwards, 1979) all have been implicated as inducers of certain adaptive 
patterns for overwintering (Baust, 1982). Baust (1982) reports evidence 
implicating discrete temperature exposures as the cue to glycerol 
synthesis in Pterostichus brevicornis and sorbitol synthesis in Eurosta 
solidaginis (Osten Sacken) (Diptera: Tephritidae). In addition, 
Belgica antarctica Jacobs (Diptera: Chironomidae) appears to depend 
on temperature and/or dietary carbon sources for quantitative and 
qualitative modulation of antifreeze/cryoprotectant levels. Because 
stressing temperatures may occur over a two- to three-month period, 
independent of major photoperiod shifts, it is suggested that a greater 
survival benefit is obtained by species that rely on a pre-stress 
temperature trigger (Baust, 1982). 
Quantification of the Relationship between 
Overwintering Mortality and Minimum Temperatures 
Numerous attempts have been made to estimate field mortality from 
standard meteorological records, but the problem has proven to be more 
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complex than expected. Usually estimates of field mortality cannot 
be made on the basis of supercooling points alone (Banks, 1978). In 
nature, cold periods are not unremitting and this enhances survival. 
In some species, attempts have been made to correlate winter mortality 
simply with winter minimum temperatures. Bogenschutz (1976), for 
example, derived a linear regression that indicated 100% mortality of 
the tortricid Rhyacionia buoliana (Schiff.) (Lepidoptera: Tortricidae) 
would occur when winter minimum air temperatures fell below -31°C. A 
relationship between egg mortality and winter minima was also obtained 
by Witter et al. (1975) for Malacosoma disstria Hiibner. Here egg 
mortality increased when the ambient temperature fell below the 
(laboratory) supercooling point of the eggs. Over a 9-year period, 
mortality in any single year varied from about 2% to 65%. Calkins 
and Kirk (1969) attempted to determine the effect of winter precipita­
tion and temperature on overwintering eggs of the northern and western 
corn rootworm by using the number of negative heat units (degree days) 
below 0°C. MacPhee (1961) outlined a method for estimating mortality 
of the ERM from weather records based on his findings that in the 
lethal temperature range, each doubling of exposure time between 15 
minutes and 16 hours increased egg mortality by about 10%; daily dura­
tion of the winter minimum was thus important. These attempts to 
specify mortality from air temperatures apply to species that normally 
overwinter above the snow surface where local heterogenity is less 
marked than at other sites. 
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According to Banks (1978), temperature is a particularly useful 
baseline for understanding differences in overwintering sites, even 
though other parameters may be important, because of the importance 
to poikilotherms of temperature changes near 0°C. For many organisms, 
however, a sudden increase in severity does not occur precisely at 
0°C. Incipient freezing points for insects may lie as much as several 
degrees below 0°C (Salt, 1955, 1956a) and actual freezing points may 
be much lower because of supercooling. Nevertheless, 0°C is one of 
the best general points of reference for interpreting microhabitat 
conditions for insects. 
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MATERIALS AND METHODS 
Collection of Mimosa Webwonn Pupae 
In the fall of 1981 and 1982, approximately 15,000 mimosa webworm 
(MWW) pupae were collected in the Ames, Iowa area by wrapping infested 
honeylocust trees individually with a 7.6 cm wide band of corrugated 
cardboard. The corrugated bands were placed on the trees at a height 
of approximately 2.4 m in early September. Dispersing larvae that 
ascended the trunk of the honeylocust pupated within the overlapping 
layers of wrap. Near the end of October, the wraps were removed from 
the tree trunks, taken to the laboratory, and cut into sections con­
taining 150-200 pupae each. The sections were assigned randomly to 
the field stations. Any surplus sections were kept outside in wire 
cages for future laboratory studies. 
Establishment of Locations 
In the fall of 1981, five locations were established in Ames for 
the field studies. The selection of the five different locations was 
designed to give an overview of the temperature variation in a typical 
urban community. The locations were chosen systematically using the 
following criteria: the degree of protection afforded to the location 
by the presence of permanent heated structures, presence of living 
wind barriers (i.e., hedges and windbreaks), topography, and avail­
ability of electrical outlets. Locations 1 and 2 were situated at the 
Insectary building on the Iowa State University campus and designated 
as highly protected (a location surrounded on at least three sides by 
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a permanent structure that would provide a heat source and protection 
from severe cold winter winds). Location 4 was designated as moderately 
protected (a location protected from severe winter winds by living 
barriers such as hedges, trees, etc., and where heat from the dwelling 
would be minimal) and was situated in a low lying or frost pocket area 
(river bottom area where cold air drainage was prevalent). Locations 3 
and 5 were located in typical residential areas and considered moderately 
protected. During the 1982-1983 field season. Location 5 was moved to 
an enclosed courtyard area on the Iowa State University campus. This 
particular location had a history of consistently high MWW populations 
regardless of the severity of the previous winter. Therefore, a field 
study was established at this site to determine if temperature and 
protection from severe winter winds were factors in this environment. 
This site was designated as very highly protected because the area 
was completely enclosed by heated structures. At each of the five 
locations in 1981-1982 and at Locations 1, 2, 3, and 4 in 1982-1983, 
four specific aspects were selected. These aspects were chosen to 
determine the effect of dramatic differences in typical overwintering 
microhabitats of MWW pupae. North and south aspects were chosen to 
test for the occurrence of greater temperature extremes that were 
hypothesized because of insulation extremes. The four aspects used 
were the north side of a heated structure, the south side of a heated 
structure, north facing in an open area, and south facing in an open 
area. At each aspect, each of two stakes (5.0 cm x 5.0 cm x 1.5 m) 
supporting each of two stations (23.0 cm x 31.0 cm piece of 10 mm thick 
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plywood) was firmly driven into the ground. At each of the five 
locations, 16 locations were established for a total of 80 stations. 
The two stations were located at 1.2 m and 0.3 m above the ground. 
Originally, the two heights were selected to evaluate the effect of 
temperature differences on pupal survivorship. However, it was 
observed that pupae rarely overwinter close to the ground and that 
the temperature differences between the two heights were negligible. 
Therefore, the two stations at the 0.3m level were combined together 
with the stations at the 1.5 m level for the purposes of analysis. 
In 1982-1983, at Location 5, the stakes were placed around the perimeter 
of the courtyard area adjacent to the sides of the building. Each 
station had two coats of a polyurethane finish to protect the wood 
from the elements. Each station was replicated twice. The randomly 
selected corrugated cardboard sections containing MWW pupae were 
thumbtacked to each of the stations (Figure 1). 
Julian Dating System 
Julian dates, commonly used in biological research, are based on 
a system in which January 1 is assigned the value of 001 and December 31 
is assigned the value of 365. Throughout this paper, the day-year 
(e.g., 001-84) is used. Julian dates were used in this study to 
expedite record keeping, data entry, and computer analysis. 
Sampling Procedures 
Every 14 days (+ 1-2 days) during the 1981-1982 and 1982-1983 
field seasons, a subsample of ten pupae was selected from the corrugated 
Figure 1. Field study arrangement for stakes and stations at the four aspects for all 
locations 
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cardboard strip at each station at each location. The pupae then 
were taken back to the laboratory and examined for mortality. Each 
pupa was nudged gently with a probe and examined for movement. Color 
of the pupa and any external evidence of injury, desiccation, and/or 
parasitism also was used in evaluating mortality. Pupae that did 
not exhibit any movement after repeated nudging were considered dead. 
Dead pupae were further subdivided into categories of injured, never 
pupated, parasitized, or desiccated. The number of healthy pupae 
and total number of pupae sampled also were recorded. The entire 
section of cardboard containing the pupae then was placed into a 31.1 
gm plastic creamer cup with the sample date, station number, and loca­
tion number written on the outside. The cup was capped with a lid 
containing eight small holes to allow proper ventilation and to maintain 
a sufficiently low humidity to reduce fungal growth. All the cups from 
a given sample were placed in a Percival^growth chamber set at a 
27°C (day) and 15°C (night) and a 16:8 (L:D) photoperiod. Relative 
humidity was maintained at 55-60%. These conditions of temperature, 
relative humidity, and photoperiod simulate weather conditions in early 
June when field emergence occurs. Daily records were kept of adult 
emergence by sex as well as of any parasitoid emergence. Prior to 
disposing of the pupae in the spring, a final examination was conducted 
to insure that no adults or parasitoids had been overlooked during the 
rearing process. 
In 1983-1984, pupae were subsampled on 350, 357, 360, and 363-83 
and 009-84 from pupae kept outside in screen cages behind the Insectary 
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building on the Iowa State University campus. These samples were taken 
to determine the effects of the severe temperature drop in December 1983 
on pupal mortality. Subsampling for 1983-1984 was conducted by randomly 
selecting ten sections of cardboard (ten pupae/section) on each date. 
Procedures for determination of mortality and rearing were the same as 
in previous years. 
Microhabitat Study 
During the winter of 1982-1983, groups of 100-150 MWW pupae were 
placed behind the shutters (north and south aspects) and under the 
eaves (north and south aspects) of heated structures. Black, white, 
tan, and dark blue shutters were used at five different locations and 
eaves were used at four different locations. Shutters located at 
Locations 1, 2, and 3 were arranged randomly with respect to color 
while shutters at the other locations were arranged systematically. 
Each treatment was replicated twice. Subsamples of 20-25 pupae were 
taken once a month, examined for mortality, and reared under the same 
conditions and methods as described previously. 
Monitoring of Microhabitat Temperature 
At each station for Locations 1, 2, and 3, two multipoint recorders 
were used to collect microhabitat temperature data. During 1982-1983 
at Locations 1, 2, and 3, temperatures were also recorded from behind 
the shutters and from under the eaves. At Locations 1 and 2, a Honey­
well model ELEC-5410 diode 40 point recorder was used, while at Loca­
tion 3, an Esterline Angus 24 point recorder was used. Both recorders 
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were started around the first of November in 1981 and 1982. Hourly 
temperatures were recorded at each station, 24 hours/day, 7 days/ 
week, recordings being terminated the first part of April to coincide 
with the termination of the field studies. Daily maximum and minimum 
temperatures were interpolated from the chart paper for all 48 stations. 
Daily temperatures (maximum and minimum) for 1981-1982, 1982-1983, 
and 1983-1984 for Location 4 were obtained from the Ames municipal 
water treatment plant located approximately 1 mile north of Location 4 
at a nearly identical environment. Location 5 daily temperature data 
for 1982-1983 were collected from hygrothermograph readings taken in 
the Dairy Science courtyard area on the Iowa State University campus. 
Calculation of Cold Accumulation 
and Cold Accumulation Rate 
In this study, daily temperature data were taken; therefore, the 
development of a direct relationship between pupal mortality and 
minimum temperatures was not feasible. Temperature patterns can change 
quite dramatically over a 14-day period, thus masking any effect of 
extended cold periods on pupal mortality. As a result, a method of 
determining the amount of cold accumulation and rate of cold accumula­
tion was developed using 0°C as a threshold temperature as suggested 
earlier by Danks (1978). The cold accumulation value for each sampling 
period was tabulated by subtracting the daily minimum temperature from 
0°C if it was below 0°C. Cold accumulation was totaled for each 
sampling period (see formula on next page). Any minimum temperature 
above 0°C was tabulated as zero. The cold accumulation rate per day 
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then was the quotient of cold accumulation for a given sampling period 
divided by the number of days in that sampling period. 
Cold accumulation for sampling period = 2(0°C-daily minimum temperature) 
_ , , , . ,, Cold accumulation for sampling period 
Cold accumulation rate/day Bu»ber days in sampling pertSd 
Cold accumulation and cold accumulation rates for the laboratory cooling 
studies were tabulated in the same manner. 
Supercooling Tests 
Approximately 20 pupae were selected randomly every 12-14 days 
from all 80 stations in 1981-1982. During the 1982-1983 season, 
approximately 10 pupae were subsampled every 12-14 days from all 16 
stations from each of Locations 4 and 5. In 1983-1984, 10-15 pupae 
were subsampled randomly at intervals determined by significant 
temperature changes from cardboard sections kept outside in wire cages 
behind the Insectary building on the Iowa State University campus. 
In the laboratory, each pupa was removed from its silken cocoon 
and placed in a grooved 3.8 cm x 7.6 cm balsa wood block. A temperature 
probe was placed beside the pupa, care taken not to crush the insect. 
A second balsa wood block was placed on top of the pupa and probe and 
the assemblage was held together with a rubber band. The system was 
placed in a cryostat containing 1.4-2.3 kg of dry ice and allowed to 
cool at a rate of 9-ll°C per minute. The probe was connected to a 
Heath ^  chart recorder to provide a permanent record of the cooling 
process. The supercooling point was the point at which cooling ceased 
23 
and a sharp increase in temperature appeared. The top of the recorded 
inflection curve was interpreted as the freezing point (Salt, 1961). 
Subsequent to freezing, the insect cooled rapidly and the test was 
terminated. The pupa was removed from the cryostat and the balsa wood 
blocks and the procedure repeated for any remaining pupae. The minimum 
temperature that the equipment could generate was -32°C; therefore, any 
pupa not freezing before reaching -32°C was immediately removed and 
examined to see if it had frozen without detection. Those that had not 
frozen were placed in creamer cups; these were placed in an incubator 
and checked daily for emergence. Less than 5% of those pupae that did 
not freeze emerged. Those that froze without any inflection point 
were considered an inconclusive test. Less than 5% of the pupae tested 
fell into this category. The same procedures were used in all field 
seasons. 
Glycerol Analysis 
During the 1981-1982 field season, approximately every 14 days, 
a composite sample of 50-60 pupae was prepared from all five locations. 
In 1982-1983, 50-60 pupae were prepared from each of Locations 4 and 5. 
In 1983-1984, 50 pupae were subsampled randomly from the cardboard 
sections held in the wire cages located behind the Insectary on the 
Iowa State University campus. 
In the laboratory, the pupae were removed from their cocoons 
and weighed to obtain their initial fresh weight. The pupae then were 
placed in a tissue grinder (Bellco Glass Inc. 1977-00005). After 
masceration of the pupae, the slurry was placed into a plastic test 
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tube and heated in a boiling water bath for 15 minutes to denature any 
proteins in the solution. After boiling, the solution was centrifuged 
at 10,000 RPM for 15-20 minutes and immediately frozen to prevent 
chemical degradation until gas liquid chromatography (GLC) analysis 
could be performed. The samples were analyzed by the Iowa State 
University Veterinary Diagnostic Laboratory using the following 
procedures. A 200 ul aliquot of the aqueous extract was removed from 
the tube containing the sample and placed in a calibrated tube. An 
aliquot of each sample (e.g., 50 ul out of 2 ml) was placed in a tube 
to make a composite for a recovery of added glycerol. Approximately 
70% of the glycerol that was added to the composite was recovered by 
extraction, concentration, and analysis. Ten milliliters of isobutyl 
alcohol was added to the calibrated tube and the mixtures shaken for 
30 seconds. NagSO^ was added (0.5 g) to separate the water. The layers 
were allowed to separate for 5 minutes. The isobutyl alcohol layer 
was removed and concentrated to dryness by nitrogen effusion at room 
temperature. The extract was resolvated with 50 ul of methanol. The 
concentrated extract then was analyzed by GLC. Two microliters were 
injected on a Porapak Q®column using a flame detector at 240°C. The 
retention time for glycerol was 9 minutes. Amounts were injected until 
1/2 scale peaks were obtained for sample and standard that agreed 
within 25% of height and duplicate injections agreed within 5%. 
Missouri and Arkansas Field Studies 
During the 1982-1983 winter, overwintering field studies were 
established in a residential area in Kansas City, Missouri. A second 
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study was located at the University of Arkansas Agricultural Experiment 
Station near Fayetteville, Arkansas. The Kansas City, Missouri location 
was designated as moderately protected and the Fayetteville, Arkansas 
location as having minimal protection from severe winter conditions. 
The reasons for these studies were to provide insurance from the 
possibility of 100% mortality of the study population as happened in 
the Ames, Iowa location in the severely cold winter of 1981-1982 and 
to monitor the effect of progressively warmer winter conditions on 
overwintering pupal mortality. The same microhabitat arrangement and 
sampling procedures were used as for the Ames, Iowa field study. 
Samples were shipped from Missouri and Arkansas in insulated mailers 
to minimize temperature fluctuations and desiccation during shipping, 
and were received in Ames approximately 20 hours after field 
sampling. 
Supercooling point tests and glycerol analyses also were con­
ducted with these samples. 
Laboratory Cooling Tests 
During the 1982-1983 winter, three temperature regimes were 
selected to determine the effect of prolonged low temperature on MWW 
survivorship. Pupae not needed for the field experiments were kept 
outside in wire cages to allow for normal acclimation before being 
used in the cooling tests. On 010-83, approximately 150 healthy 
pupae were placed in a nalgene ®insulated freezing container with a 
thermometer inserted to allow monitoring of the immediate temperature 
without having to disturb the apparatus. The insulated container then 
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was placed in a deep freeze, cooled at a rate of 6-8°C per hour, and 
held at -15°C for 26 days. Approximately every 7 days, a random sub-
sample of 20-25 pupae was removed from the container and examined for 
mortality following the field sampling methods. The pupae then were 
placed in a growth chamber with the field samples and monitored for 
emergence. This experiment was bracketed by two other tests, one 
at -7°C and one at -19°C, that were begun on 063 and 070-83, 
respectively. The procedures were the same as for the -15°C work 
except that with the -19°C test, the pupae were allowed to cool at a 
slower rate of 3-4°C per hour to prevent mortality caused by the 
extreme temperature difference. Each test was replicated twice. 
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RESULTS 
The three winters in which the field studies were conducted 
exhibited high variations in duration and extremes of minimum tempera­
tures, both within and between years (Table 1). Analysis of co-variance 
showed that all three winters were significantly different from each 
other with respect to mean percent emergence (F=9.07; p<0.0013). 
All three winters were characterized by mild conditions from November 
(305) through mid-December (350). During the 1981-1982 winter, a severe 
cold spell occurred from early January (001) until late February (052) 
1982. During this time, minimum temperatures approached or exceeded 
the SCP of the insect. Temperatures then moderated in early March (065) 
1982. In contrast, the 1982-1983 winter was mild. Mean temperatures 
during the coldest period occurred one month later and were 5-10°C 
higher than the coldest temperatures recorded in 1981-1982. The 
minimum temperatures for the entire 1982-1983 winter were well above 
the SCP of the MWW. The 1983-1984 winter exhibited even more varia­
tion. In mid-December (350) 1983, severe low temperatures began and 
persisted until early January (001) 1984. The mean temperatures during 
this time were comparable to 1981-1982 but occurred approximately two 
weeks earlier than in 1981-1982. Again, minimum temperatures approached 
or exceeded the SCP of the insect. 
Table 1. A summary of weekly maximum, minimum, and mean temperatures (°C) for the winters of 1981-
1982, 1982-1983, and 1983-1984 taken at the Ames, Iowa municipal water treatment plant 
1981-1982 
November December January February March 
Week 1^ 2 3 4 5 6 7 8 9 10 11 12  13 14 15 16 17 18 19' 
Max^ 18 19 16 6 5 11 5 4 4 -1 -6 -2  5 -6 4 11 18 10 12 
Min^ -3 -6 -8 -6 -5 -5 -22 -20 -18 -25 -32 -28 -18 -27 -27 -5 -8 -18 -18 
Mean^ 8 6 4 0 0 3 -08 -04 -07 -13 -19 -15 -6 -17 -11 3 5 -04 -03 
1982-1983 
November December January February March 
Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
Max 18 17 17 6 17 6 8 9 2 7 6 5 6 -2 7 17 11 24 17 
Min -5 -12 -5 -8 -3 -18 -5 -5 -12 -11 -13 -15 -19 -17 -25 -1 -12 -1 -5 
Mean 6 3 6 -1 7 -6 2 2 -5 -2 -3 -5 -6 -9 -9 8 1 11 6 
1983-•1984 
November December January 
Week 1 2 3 4 5 6 7 8 9 10 11 12 13^ 
Max 19 15 16 7 1 1 -1 -11 -1 7 -3 1 7 
Min -2 -1 -3 -9 -15 -16 -27 -30 -22 -15 -18 -27 -14 
Mean 9 7 7 -1 -07 -08 -14 -21 -12 -4 -11 -13 -3 
^Week 1 = beginning on November 1, 1981, 1982, and 1983. 
^Week 19 = ends on March 17, 1982 and 1983. 
^Max = weekly maximum. 
^Min = weekly minimum. 
^Mean = weekly mean. 
^Wcek 13 = ends on January 26, 1984. 
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1981-1982 
Field studies 
Analysis of variance for 1981-1982 showed that date was significant 
(F=16.44; p<0.0001). Location and aspect were not significant. In a 
comparison of MPEN by date for all locations, the MPEM for sample date 
365-81 was significantly different from the MPEM for the preceding three 
dates of 1981 and the 014-82 date was significantly different from all 
other dates (Table 2). A summary of mean percent emergence, cold tempera­
ture accumulation, and daily cold accumulation rate (CAR) for all four 
locations over all sampling dates is presented in Table 3. Cold 
accumulation and CAR data for Location 5 were not included because 
on-site weather data were not available. However, percent emergence 
values were not significantly different from the other four locations 
(Table 3). Mean percent emergence was 67% or higher at all locations 
from November (305) through mid-December (350) 1981, a period accompanied 
by modest CAR of less than 10.0 (Table 3). The first substantial 
decline in percent emergence occurred at all the locations during the 
latter half of December (358), during which time the CAR more than 
doubled and percent emergence declined by a mean of 17%. However, 
between 365-81 and 014-82, emergence plunged to 0% at all five locations 
as the daily CAR increased to 14.0, 16.0, and 18.0 for Locations 1 
and 2, 3, and 4, respectively, for this period (Table 3). During this 
14-day span, cold accumulation ranged from 196 units for Locations 1 
and 2, to 252 units for Location 4 (Table 3). Even though Locations 
1 and 2 had consistently less cold accumulation, 100% mortality occurred. 
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Table 2. Comparison of mean percent emergence (MPEM) by date for all 
locations for 1981-1982 
Date^ N MPEM^ Grouping 
316-81 79 75.1 a 
327-81 80 75.7 a 
351-81 80 74.9 a 
365-81 80 56.9 b 
014-82^ 80 0.0 c 
*Analysis of variance (F=16.44; p<0.0001). 
^Means followed by the same letter are not significantly different 
(p<0.05), DMRT. 
^100% mortality observed by this date signifying a dead system. 
The results indicate that when the CAR approached 15-20 units for a 
period of at least 14 days, extreme mortality was experienced by field 
populations regardless of the location, aspect, or amount of previous 
cold exposure. 
Supercooling point analysis 
Supercooling and freezing point temperature data from all five 
locations are summarized in Table 4. The most substantial drop in the 
SCP, 4.7°C, occurred in a 15-day period from 351 through 365-81. A 
very modest decline of only 1.2°C occurred during the first 14 days of 
1982 when a seasonal low SCP of -31.0°C was recorded. On 010-82, 
ambient air temperature in the Ames, Iowa area reached -31.1°C. 
SCP analysis also was conducted on first generation MWW pupae in 
August (218) 1982 from three different locations in Ames and defined 
Table 3. Summary of cold accumulation, cold accumulation rate per day, and mean percent 
emergence for all locations over all sampling dates for 1981-1982 
Cold accumulation 
Cold accumulation (°C) rate/day (°C) Mean percent emergence 
Date L-l&2a L-3b L-4C L-5d L-1&2 L-3 L-4 L-5 L-1 L-2 L-3 L-4 L-5 
320-327 0 20 18 0.0 2.5 2.2 80 80 67 67 89 
328-351 48 122 96 - 2.0 5.1 4.0 - 76 74 68 77 74 
352-365 112 127 221 - 8.0 9.1 9.2 - 60 59 63 54 48 
001-014® 196 224 252 - 14.0 16.0 18.0 - 0 0 0 0 0 
^Locations 1 and 2 = highly protected. 
^Location 3 = moderately protected. 
"^Location 4 = frost pocket area. 
"^Location 5 = moderately protected. 
^100% mortality observed by this date signifying a dead system. 
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Table 4. Summary of supercooling and freezing point temperatures, 
and percent glycerol for all locations over all sampling dates 
for 1981-1982 
SCP Freezing 
temperature (oc) temperature (°C) Percent 
Date N Mean S.E. Mean S.E. glycerol (FW)^ 
323-81 19 -25.0 0.84 <0.001 
341-81 22 -26.0 0.48 -25.1 0.46 <0.001 
351-82 21 -25.1 0.93 -24.5 0.99 <0.002 
365-81 23 -29.8 0.87 -29.6 0.88 1.0 
015-82^ 28 -31.0 0.45 -30.8 0.47 9.3 
^FW = fresh weight. 
^100% mortality was observed by this date signifying a dead system. 
a mean SCP temperature of -15.1°C and a mean freezing point temperature 
of -14°C. 
Glycerol analysis 
A summary of composite glycerol samples taken from all five loca­
tions for all sampling dates is shown in Table 4. Glycerol production 
(mg of glycerol/gram of fresh weight) was extremely low (<0.001%) in 
November (305) and mid-December (350) 1981. Following the cold tempera­
tures in mid-(350) to late December (365) 1981, glycerol levels increased 
to 1.0%. Glycerol levels continued to increase to a high of 9.3%, a 
measurement taken following the severe cold conditions in early January 
1982. It is possible that the persistent cold temperatures stimulated 
glycerol production in this situation. 
Glycerol analysis was performed in August (318) 1982 on first 
generation MWW pupae and revealed glycerol levels of <0.01%. 
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Percent parasitism 
Mean percent parasitism was 2.1% for the entire winter. 
1982-1983 
Field studies 
Analysis of variance for 1982-1983 showed that location (F=19.30; 
p< 0.0001), date (F=15.17; p< 0.0001), aspect (F=2.64; p<.0.0114), 
location-date (F=2.39; p<0.0001), and location-aspect (F=1.63; 
p<0.0255) were significant. Significance in the location-date inter­
action was caused by emergence changes at Location 4. Emergence dropped 
from 61% in early February (035) to 30% by mid-February (048) 1983 and 
remained below 39% for the rest of the winter (Table 5). 
A comparison of MPEM by location for all sampling dates for 1982-
1983 is presented in Table 6. Mean percent emergence from Location 5 
was significantly higher than from Locations 1, 2, 3, and 4, and 
Locations 1, 2, and 3 were significantly higher than Location 4 
(p<0.05). Also, comparison of MPEM by date for all locations for 
1982-1983 showed that the early winter dates of 323 and 351-82 had 
significantly higher MPEM compared with the remainder of the 1982-
1983 winter (Table 7). A summary of MPEM, cold temperature accumula­
tion, and cold accumulation rate per day for all locations for all 
sampling dates is shown in Table 5. Percent emergence was never lower 
than 60% during the entire winter except at Location 4. A strong 
relationship between an increasing CAR and a decreasing mean percent 
emergence was not present as in 1981-1982. In addition, CAR values 
never exceeded 7.0 compared to rates as high as 18.0 in 1981-1982. 
Table 5. Summary of cold accumulation, cold accumulation rate/day, and percent survivor­
ship for all locations over all sampling dates for 1982-1983 
Cold accumulation 
Cold accumulation (°C) rate/dav (°C) Mean percent emergence 
Date L-1&2* 1-3% L-A^ L-S^ L-1&2 L-3 L-4 L-5 L-1 L-2 L-3 L-4 L-5 
320-323 6 12 10 2 1.5 2.9 2.6 0.6 90 81 86 90 89 
324-351 56 70 112 48 2.0 2.5 4.0 1.7 83 89 81 69 89 
352-006 74 76 66 34 3.5 4.0 3.5 1.8 67 69 60 61 76 
007-021 75 90 90 72 5.0 6.0 6.0 4.8 70 62 67 74 73 
022-035 71 91 98 66 5.1 6.5 7.0 4.7 62 62 70 61 67 
036-048 52 62 61 44 4,0 4.8 4.7 3.4 62 66 64 30 79 
049-061 04 09 09 2 0.3 0.7 0.7 6.3 74 67 73 25 80 
062-076 12 10 19 12 0.8 0.7 1.3 0.8 67 74 79 27 90 
077-090 39 42 39 20 2,8 3.0 2.8 1.4 83 69 76 38 68 
^Locations 1 and 2 = highly protected. 
^Location 3 = moderately protected. 
^Location 4 = frost pocket area. 
'^Location 5 = very highly protected. 
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Table 6. Comparison of mean percent emergence (MPEM) by location for 
all sampling dates for 1982-1983 
Location* N MPEM^ Grouping 
5^ 141 75.1 a 
1 141 71.9 b 
3® 142 71.8 b 
2: 139 70.0 b 
4 143 52.0 c 
^Analysis of variance (F=19.30; p <0.0001). 
^Means with same letter are not significantly different (p<0.05), 
DMRT. 
^Location 5 = very highly protected. 
'^Locations 1 and 2 = highly protected. 
^Location 3 = moderately protected. 
^Location 4 = frost pocket area. 
Upon closer examination of the location-aspect means (Table 8), data 
from Location 4 with respect to aspect showed that pupae overwintering 
in the open area had emergence levels of 9.0% or less by mid-February 
(048) 1983. This is a sharp contrast to MPEM during the same period 
for the open area aspects at the other four locations. A significant 
difference (p<0.05) was found between the mean percent emergence (MPEM) 
for the entire winter for north and south aspects of the open area at 
Location 4 and their corresponding aspects at Locations 1, 2, 3, and 5. 
Also, the MPEM for the entire winter for the north aspect of the house 
at Location 4 was significantly different (p<0.10) from the same 
aspects at the other four locations. Comparison of mean percent 
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Table 7. Comparison of mean percent emergence (MPEM) by date for all 
locations for 1982-1983 
a 
Date N MPEM^ Grouping 
323-82 80 85.6 a 
351-82 80 79.8 a 
021-83 80 67.3 b 
090-83 71 65.6 b 
076-83 80 64.6 b 
035-83 76 63.9 b 
006-83 80 63.6 b 
061-83 79 62.0 b 
048-83 80 60.0 b 
^Analysis of variance (F=15.17; p<0.0001). 
^Means with same letter are not significantly different (p40.05), 
DMRT. 
emergence by aspect for all locations for all sampling dates revealed 
that the MPEM for the south aspect of the house was significantly 
different from the north-house, north-open area and south-open area 
aspects (Table 9). 
Supercooling point analysis 
A summary of the SCP temperatures for pupae sampled from Locations 
4 and 5 for all dates is presented in Table 10. Supercooling point 
tests were not conducted on pupae from Locations 1, 2, and 3. Super­
cooling point temperatures decreased modestly during the winter months, 
reaching a low temperature of -32.0°C at Location 4 by 048-83 and -32.0°C 
by 035-83 at Location 5. In conjunction with rising CAR values, SCP 
temperatures declined for Locations 4 and 5 from mid-March (076) through 
early April (095) 1983. After leveling out in late April (112), SCP 
Table 8. Summary of mean percent emergence by aspect for all locations 
over all sampling dates for 1982-83 
Location 1^ Location 2^ 
Date N-Rf N-Og S-Qh S-H^ Mean N-H N-0 S-0 S-H Mean 
323-82 82 100 83 95 90 68 79 90 86 81 
351-82 100 87 62 84 83 80 100 85 92 89 
006-83 51 60 67 89 67 73 64 72 66 69 
021-83 55 90 73 61 70 39 84 45 80 62 
035-83 69 76 45 57 62 62 62 42 81 62 
048-83 57 56 63 70 62 72 61 67 66 66 
061-83 75 83 78 62 74 81 61 65 63 67 
076-83 71 77 53 67 67 84 74 69 69 74 
090-83 71 85 84 93 83 61 65 59 90 69 
Mean 70 79 68 75 73 69 72 66 77 71 
^Location 1 = highly protected. 
Location 2 = highly protected. 
^Location 3 = moderately protected. 
^Location 4 = frost pocket area. 
^Location 5 = very highly protected. 
^N-H = north aspect of house. 
®N-0 = north aspect of open area. 
^S-0 = south aspect of open area. 
^S-H = south aspect of house. 
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Location 3^ Location 4*^ Location 5® 
N-H N-0 S-0 S-H Mean N-H N-0 S-0 S-H Mean N-H N-0 S-0 S-H Mean 
86 88 98 79 86 90 82 90 98 90 100 90 82 83 89 
75 85 84 80 81 50 62 93 72 69 81 98 95 84 89 
58 67 51 66 60 56 55 66 66 61 68 55 82 54 76 
69 71 68 59 67 62 68 75 90 74 60 60 87 87 73 
70 76 71 65 70 55 70 50 70 61 83 62 66 58 67 
67 62 68 63 64 36 09 09 68 30 80 62 88 85 79 
84 51 79 78 73 36 02 06 58 25 79 71 87 83 80 
80 70 75 90 79 40 02 08 58 27 98 75 100 87 90 
65 63 100 75 76 49 06 03 93 38 83 72 50 68 
73 70 77 72 73 53 40 44 75 53 81 72 82 78 79 
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Table 9. Summary of mean percent emergence (MPEM) by aspect for all 
locations for 1982-1983 
Aspect^ N MPEM^ Grouping 
South side of heated structure 173 73.6 a 
North side of heated structure 177 67.5 b 
North aspect in an open area 179 65.9 b 
South aspect in an open area 177 65.7 b 
^Analysis of variance (F=4.04; p <0.0076). 
^Means followed by the same letter are not significantly different 
(p< 0.05), DMRT. 
temperatures began to increase gradually through May and June (130-170) 
1983. At both locations SCP temperatures remained well below the 
minimum winter ambient air temperature of -25.0°C that occurred on 
038-83. 
Supercooling point tests were conducted on first generation MIVW 
pupae in August (221) 1983 from three different Ames locations, 
indicating a mean SCP of -27.0^C and a mean freezing point temperature 
of -26.1°C. 
Glycerol analysis 
Glycerol levels remained below 1.0% at both locations during 
November (323) and early December (340) 1982 (Table 10). By mid-
December (351), levels peaked at 5.2% at Location 5. In contrast, 
glycerol levels did not reach the peak 5.2% level at Location 4 until 
early January (006) 1983 (Table 10). For the remainder of the winter, 
glycerol levels declined to levels of <1.0% at Location 4. A second. 
Table 10. Summary of supercooling and freezing point temperatures and percent glycerol for 
Locations 4 and 5 over all sampling dates for 1982-1983 
Date 
Supercooling 
temperature (°C) 
Freezing 
temperature (°C) 
% glycerol 
L-4") L-5C L-4 L-5 L—4 L-5 
Mean S.E. Mean S.E. Mean S.E. Mean S.E, 
323-82 -25.5 1.65 -24.9 1.37 -25.3 1.78 -24.5 1.35 0.6 0.2 
351-83 -27.2 1.11 -27.0 1.61 -27.0 1.03 -26.1 1.38 1.9 5.2 
006-83 -25.6 1.76 -28.9 0.58 -25.1 1.83 -28.3 0.55 5,2 1.0 
021-83 -28.5 1.25 -28.5 0.63 -27.8 1.24 -27.9 0.68 0.6 1.2 
035-83 -30.6 0.67 -32.0 0.27 -29.6 0.74 -31.9 0.26 0.5 1,0 
048-83 -32.0 0.40 , -28.8 1.65 -31.2 0.37 -27.2 1.59 0.1 2.0 
061-83 -29.5 1.37 -26.2 1.92 -27.8 1.53 -25.7 1.90 0.2 <0.1 
076-83 -30.8 0.56 -30.0 0.88 -29.9 0.67 -29.9 0.89 0.1 <0.1 
090-83 -32.5 0.42 -32.0 1.18 -32.0 0.68 -31.8 1.21 0.1 <0.1 
112-83 -32.4 0.56 -32,0 0.56 -32.3 0.58 -31.5 0,68 
130-83 -32.0 0.47 -32.2 0.48 -31.2 0.70 -31,7 0,56 
156-83 -31.0 2.52 -31.5 0.96 -29.9 2.45 -30,9 1.06 
170-83 -31.5 0.69 -30.5 0.83 -30.0 0.14 -30.3 0.92 
^FW = fresh weight. 
^Location 4 = frost pocket area. 
"^Location 5 = very highly protected. 
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but lower peak of 2% occurred at Location 5 in mid-February (048) 1983. 
Glycerol levels in 1982-1983 were approximately 50% as high as in 
1981-1982. 
Glycerol analysis conducted for 1983 first generation MWW pupae 
revealed glycerol levels of <0.01%. 
Percent parasitism 
Mean percent parasitism was 3.8% for the entire winter. 
Missouri and Arkansas field studies 
A summary of MPEM, supercooling point temperatures, and glycerol 
production is shown in Table 11. Mean percent emergence for both 
Kansas City, Missouri (KC) and Fayetteville, Arkansas (FY) was never 
lower than 56% for any sampling date. These results were very comparable 
with MPEM for the Ames field studies for that winter. 
Supercooling point temperatures were very similar to Locations 4 
and 5 in Ames (Table 11). As with Locations 4 and 5, the SCP tempera­
tures continued to decline late in the winter even when glycerol levels 
were extremely low. 
Glycerol analysis showed that levels were low during the early 
winter (316-347-82) and then peaked at 6.7% and 3.6% for KC and FY, 
respectively. A second, but lower peak of 0.48% and 0.53% for KC and 
FY, respectively, occurred by 031-83. The peak glycerol values were 
comparable with peak values for Locations 4 and 5 in Ames (Table 11). 
Table 11. A summary of mean percent emergence (MPEM), supercooling point (SCP), and percent 
glycerol for locations in Kansas City, Missouri and Fayetteville, Arkansas for 1982-
1983 
Percent Percent 
SCP glycerol SCP glycerol 
Date Location MPEM mean (FW) Location MPEM mean (FW)* 
316-82 KC^ 87 -25.1 0.08 FY'^ 93 -24.0 0.13 
347-82 KC 78 -27.1 6.70 FY 85 -27.4 3.60 
003-82 KC 74 -25.7 0.74 FY 62 -24.0 
017-83 KC 64 -27.2 0.10 FY 72 -29.0 0.24 
031-83 KC 57 - 2 7 . 3  0.48 FY 56 -27.5 0.53 
045-83 KC 66 -29.0 <0.01 FY 75 -28.0 <0.01 
059-83 KC 71 -27.0 0.13 FY 67 -28.1 <0.01 
073-83 KC 71 -29.5 <0.01 FY 73 -30.0 <0.01 
087-83 KC 70 -29.6 <0.01 FY 80 -31.0 <0,01 
^FW = fresh weight. 
^KC = Kansas City, Missouri. 
^FY = Fayetteville, Arkansas. 
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Microhabitat study 
Mean percent emergence by location for pupae placed behind shutters 
averaged 71% or higher during the entire winter (Table 12). A compari­
son of mean percent emergence by shutter color and/or north and south 
aspect was not significant. 
In contrast, MPEM for pupae located under the eaves of heated 
structures was 7% lower than that of pupae placed behind shutters 
(Table 12). Again, no significant difference in emergence was observed 
with reference to north or south aspect. 
Table 12. Summary of mean percent emergence (MPEN) by location for 
pupae positioned behind shutters and under eaves during the 
1982-1983 winter 
Shutters MPEM Eaves MPEM 
Locations 1 and 2^ 70 Locations 1 and 2 61 
Location 3^ 76 Location 3 68 
Location 4^ 71 Location 4 63 
Location 6^ 71 Location 8^ 67 
Location 7^ 73 
Mean 72 Mean 65 
^Locations 1 and 2 = highly protected. 
Location 3 = moderately protected. 
'"Location 4 = frost pocket area. 
^Location 6 = moderately protected. 
^Location 8 = moderately protected. 
^Location 7 = moderately protected. 
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Laboratory cooling studies 
A summary of MPEN of pupae from the laboratory cooling experiments 
of -19.0°C, -15.0°C, and -7.0°C is presented in Table 13. With respect 
to the -19.0°C test (CAR=19.0/day), emergence declined to 87.5% after 
6 days, to 16.1% after 13 days, and 0% after 21 days. These results 
were consistent with field emergence for 1981-1982 and 1983-1984. 
The -15.0°C test (CAR=15.0/day) showed a more gradual decline in 
emergence with a final emergence of 31.6% after 25 days. The third 
and final test of -7.0°C (CAR=7.0/day) exhibited a more gradual 
mortality curve with the final emergence being 61.7% after 31 days. 
Table 13. Summary of mean percent emergence (MPEM) for laboratory 
cooling studies by treatment for 1982-1983 
Sampling date Treatment MPEM 
076-83 A^ 87.5 
083-83 A 16.1 
091-83 A 0.0 
101-83 A 0.0 
014-83 50.0 
021-83 B 78.5 
028-83 B 55.0 
035-83 B 31.6 
076-83 c" 66.7 
083-83 C 74.2 
091-83 c 65.6 
101-83 c 61.7 
^A = -19.0°C test begun on 070-83. 
= -15.0°C test begun on 010-83. 
= -07.0°C test begun on 063-83. 
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The results from the -7.0°C test were consistent with 1982-1983 field 
emergence. 
1983-1984 
Field studies 
Mean percent emergence, cold accumulation, and cold accumulation 
rate/day for 1983-1984 are summarized in Table 14. During early 
November (320) to mid-December (349) 1983, the CAR was moderate. How­
ever, from mid-December (353) 1983 through early January (009) 1984, 
severe arctic cold prevailed with ambient temperatures well below 
normal. This is reflected in CAR values of 19.5 from 349 to 353-83 
and a CAR of 23.0 from 354 to 360-83 (Table 14). Percent emergence 
declined from 47% in mid-December (348) 1983 to 28% on 353-83 and to 
0% on 360-83. A more modest CAR of 7.1, in early January (009) 1984, 
did not affect emergence; that remained at <1% for the duration of 
the winter. These field results are very consistent with those of 
Table 14. Summary of cold accumulation, cold accumulation rate/day, 
and mean percent emergence (MPEM) for Locations 1 and 2 
(highly protected) for 1983-1984 
Cold Cold accumulation 
Date accumulation (°C) rate/day (°C) MP EM 
320-348 
349-353 
354-360* 
361-363 
364-009 
145 
98 
161 
40 
98 
5.0 
19.5 
23.0 
13.5 
7.1 
47 
28 
0 
0 
0.55 
^100% mortality observed by this date signifying a dead system. 
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1981-1982. In 1983-1984, however, the high CAR values and lethal low 
temperatures occurred one month earlier. 
Supercooling point analysis 
Supercooling point temperatures for 1983-1984 are summarized in 
Table 15. A gradual lowering of the SCP temperature occurred from 
mid-November (322) through mid-December (348) 1983. Approximately 6 
days after the onset of the severe temperature depression, the SCP 
dropped by nearly 7.2°C, the largest single drop of any of the three 
winters. However, by early January (009) 1984, the SCP had risen to 
Glycerol analysis 
A summary of glycerol levels for 1983-1984 is presented in Table 
15. Glycerol levels remained at negligible levels (<0.01%) during the 
Table 15. Summary of supercooling point temperatures and percent 
glycerol over all sampling dates for Locations 1 and 2 
(highly protected), 1983-1984 
-25.0°C 
Supercooling 
temperature (°C) Percent 
glycerol (FW)^ Date N Mean S.E. 
322-83 
348-83 
355-83 
360-83^ 
010-83 
14 
14 
13 
10 
-23.0 
-23.8 
-31.0 
-25.0 
1.64 
0.46 
3.45 
1.64 
<0 .01  
<0 .01  
0.13 
<0.01  
<0.01 
^FW = fresh weight. 
^100% mortality was observed by this date signifying a dead system. 
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early winter (322-348), but increased to 0.13% in mid-December (355) 
1983 when CAR values were at their highest. As temperatures moderated 
following the severe cold depression in mid-December (355) 1983, glycerol 
levels returned to very low levels (<0.01%) in late December (360) 1983 
and early January (009) 1984, although this was occurring in dead pupae 
by late December (360) 1983. 
Percent parasitism 
Mean percent parasitism was 2.9% for the entire winter. 
Parasite Study 
Only two pupal parasitoids, Parania geniculata (Holmgren), 
(Hymenoptera: Ichneumonidae) and Elasmus albizziae Burks, (Hymenoptera: 
Eulophidae) emerged from field sampled MWW pupal cocoons. Percent 
parasitism was calculated using the following formula. 
(Total # of PARC) + (Total # of ELAA./10) 
Percent parasitism = Total number of pupae sampled 
where: PARC = Parania geniculata 
ELAA = Elasmus albizziae. 
The total number of ELAA was divided by ten because laboratory 
examination indicated a mean of ten ELAA pupae/one MWW pupal cocoon. 
Mean percent parasitism did not exceed 4% during any one year and did 
not differ significantly among the three winters (Table 16). 
Table 16. Summary of percent parasitism for 1981-1982, 1982-1983, and 1983-1984 over all locations 
and sampling dates 
Total 
, MWW 
PARG^ Total ELAA Total pupae Percent 
Date L-1 L-2 L—3 L—4 L-5 PARC L-1 L-2 L—3 L-4 L-5 ELAA^ sampled parasitism^ 
316-81 1 0 0 1 0 2 9 13 14 25 18 79 978 1.0 
327-81 2 3 2 1 1 9 26 26 48 17 42 159 983 2.5 
351-81 4 1 1 2 2 10 85 64 41 36 29 255 1,016 3.4 
365-81 2 1 0 0 1 4 33 30 15 13 25 116 1,015 1.5 
014-82 0 0 0 0 0 0 0 0 0 0 0 0 1,000 0.0 
Total 9 5 3 4 4 25 153 133 118 91 114 609 4,992 10.5 
Mean 2.1 
323-82 3 2 1 3 1 10 20 27 40 51 44 182 954 2.9 
351-82 4 3 5 6 9 27 98 95 71 36 69 369 994 6.4 
006-83 6 3 5 4 6 25 106 84 80 49 64 383 1,502 4.2 
021-83 10 2 11 4 3 30 58 70 34 59 40 361 1,430 4.6 
035-83 6 4 4 0 8 22 78 33 19 36 14 180 1,163 3.4 
048-83 7 2 3 0 1 13 23 62 25 13 29 152 1,197 2.4 
061-83 3 4 2 4 6 19 37 33 45 9 36 160 1,114 3.1 
076-83 3 6 3 3 7 22 76 64 38 15 35 228 1,200 3.7 
090-83 6 9 5 0 0 20 33 10 40 24 19 126 839 3.9 
Total 48 35 39 24 41 187 529 478 392 292 350 2,041 10,393 34.2 
Mean 3.8 
^PARG = Parania genlculata (Holmgren), (Hymenoptera: Ichneumonidae). 
ELAA = Elasmus albizaiae Burks, (Hymenoptera: Eulophidae). 
'^(Total if of ELAA/10) is an average due to the estimate of ten parasltoids emerging from 
one MWW pupa. 
^Sampled from pupae kept outside in wire screen cages behind the Insectary Building. 
Gperccnt p.r.sltlsm - + (Total t of ELM/10)^ 
lotal number of pupae sampled 
Table 16. Continued 
Total 
MWlf 
PARC* Total ELAA Total pupae Percent 
Date L-1 L—2 L-3 L—4 L-5 PARG L-1 L-2 L-3 L-4 L-5 ELAA"" sampled parasitism® 
348-83 2 12 125 2.6 
353-83 4 56 160 6.0 
360-83 0 57 144 3.9 
363-83 0 4 133 0.3 
009-84 0 28 181 1.5 
Total 6 157 743 14.6 
Mean 2.9 
4:^  
vo 
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DISCUSSION 
The fact that a remnant of the overwintering MWW pupal population 
survives at these latitudes can be attributed, to a great extent, to 
the insect's ability to utilize overwintering sites that will maintain 
temperatures above the ambient level in the urban environment. 
From this study, three major factors — cold accumulation rates, 
supercooling ability, and desiccation — seem to be involved in the 
overwintering survival of MWW pupa. 
Cold Accumulation 
(Prolonged Cold Exposure) 
Numerous authors have reported on the importance of prolonged cold 
and its effect on insect mortality (MacPhee, 1961; Salt, 1961; Salt, 
1966b; Decker and Maddox, 1967; Somme, 1982). In this study, it is 
evident that extremely high CAR values (15-25) for a period of 14-21 
days will result in high mortality levels regardless of location, 
aspect, and/or previous cold exposure, but when combined with ambient 
temperatures that exceed the SCP of the insect, mortality levels may 
approach 100%. This was observed both in 1981-1982 and 1983-1984. 
However, as mentioned previously, in the introduction, a remnant 
population does survive even the most severe winters. The question of 
where these pupae overwinter is of paramount importance in understanding 
the overwintering biology of the insect. Field observations by the 
author and others have revealed that pupae tend to congregate behind 
shutters, under eaves, and in other areas associated with heated 
structures where the insect is afforded the benefit of higher 
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temperatures and protection from desiccation. Temperatures 3-5°C above 
open areas are observed in these microhabitats. It is highly probable 
that pupae overwintering in these locations are able to survive extended 
cold periods, especially because the CAR is considerably lower. Using 
the 1981-1982 data, for example, by increasing the microhabitat 
temperature by 5°C, simulating conditions behind a shutter, the CAR 
value over a 14-day period would decrease at the coldest site (Loca­
tion 4) from 18.0/day to 13.0/day. Emergence for the -15.0°C laboratory 
cooling test (CAR=15.0/day) was 55% after 18 days and 32% after 25 days. 
Of course, dramatic temperature fluctuations were not included in the 
laboratory tests, but dramatic temperature changes certainly would be 
buffered in the sites on heated structures. Also, the probability of 
the exposure of pupae to temperatures near or exceeding their SCP 
would be decreased. The lowest reported minimum ambient temperature 
in 1981-1982 was -31.1°C, localized temperatures perhaps being lower 
in some areas. The SCP temperature for pupae at this time was -31.0°C. 
A microhabitat 5°C warmer than the ambient temperature would prevent 
the insect from reaching the lethal SCP. In all likelihood, it is 
probably a combination of these two factors, lower cold accumulation 
rates and protection from temperatures near the SCP, that allows the 
continuation of this species in central Iowa. 
In mild winters (1982-1983), overall mortality is not nearly as 
great as in severe winters (1981-1982 and 1983-1984). However, in 
spite of these conditions, differential survival does occur. This is 
illustrated by the fact that from 006 to 035-83 (CAR=4.5-7.0), mean 
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percent emergence (MPEM) for all five locations was 66.6% with a range 
of 64.0% to 72.0%. In the -7.0°C laboratory cooling test (CAR=7.0/day), 
66% emergence resulted after 28 days. Even though CAR values do not 
begin to approach the ones in severe winters (CAR»15.0), the exposure 
factor is still important as seen by significantly higher pupal 
mortality rates in open areas compared with pupae located in a southern 
exposure next to a heated structure. The mortality cannot be attributed 
to temperatures exceeding the SCP because ambient temperatures were 
at least 5°C warmer than the insect's SCP at the coldest point of the 
winter. 
Supercooling and Glycerol Production 
Supercooling and glycerol production most probably are important 
tactics used by the MWW in its overwintering strategy. However, as 
seen in 1981-1982 and 1983-1984, the insect is vulnerable to tempera­
tures at or exceeding the SCP and does not produce adequate glycerol 
(or other chemical) levels to protect it from the most severe winter 
conditions. Dubach (1959), Baust and Miller (1970), Ziegler and Wyatt 
(1975), Baust (1981), and others indicate that temperature may act as a 
cue for glycerol production. In 1981-1982 and 1983-1984, this was 
most probably the case, but in 1982-1983 the relationship was not nearly 
as evident. Possibly, the mild temperatures of 1982-1983 modified the 
insect's physiological response. Also there may be a threshold cold 
accumulation or cold accumulation rate that is needed to stimulate the 
glycerol production process and that was not reached in 1982-1983. As 
reported in the literature (Salt, 1959; Hansen, 1973), supercooling 
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points tend to decrease as glycerol levels increase. This trend is 
seen clearly in 1981-1982 and 1983-1984. However, a lag effect appears 
to be present in 1982-1983. The reason for this could be explained by 
the presence of a multicryoprotectant system. Other polyols also are 
known to serve as cryoprotectants (Somme, 1965b; Somme, 1969). 
Morrissey and Baust (1976) and Ring (1977) mention the advantage of a 
multicryoprotectant system that would reduce the possible accumulation 
of toxic amounts of any one cryoprotectant. Furthermore, other chemicals 
such as unsaturated fatty acids (Pantyukov, 1964) and amino acids 
(Somme, 1967) have been known to depress the SCP. 
Why glycerol levels peak and then drop significantly in the middle 
of the winter is not clear. One possibility involves the relationship 
between glycerol protection and diapause. Chino (1957, 1958) found that 
glycerol and sorbitol were converted from glycogen during diapause in 
eggs of Bombyx mori (L.), but reconverted when diapause was broken. 
Somme (1964, 1965a) suggested that glycerol accumulation was more or 
less independent of ambient temperature and continues until diapause 
termination. Hansen (1973) observed changes in the SCP of the larvae 
of Petrova resinella (L.) from -15°C in October to -48.5°C in January. 
Midwinter glycerol levels were as high as 30% fresh weight, but declined 
sharply in the spring when diapause was broken. In other situations, 
the relationship is not quite as clear. Other authors (Ziegler and 
Wyatt, 1975; Frankos and Piatt, 1976; Hansen, 1978; Ring, 1977) have 
observed the loss of glycerol to be modified by temperature or not 
related to diapause at all. It is possible that a multicryoprotectant 
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system is operating in the MWW insect, or that a definite relationship 
between diapause and glycerol production exists. Further studies are 
definitely needed to define these relationships more clearly. The 
fact that SCP temperatures continued to decline long after glycerol 
levels were extremely low seems to indicate that other chemicals must 
be involved. This is further illustrated by SCPs of the 1983 first 
generation pupae that averaged -16.0°C during a time when protection 
from cold is not needed. The production of glycerol by the MWW can be 
quite dramatic, as seen in 1981-1982 when levels jumped from 1.0% to 
9.3% in 14 days. This is further substantiated in 1983-1984 by a 7.2°C 
drop in the SCP and an increase in glycerol from <0.01% to 0.13%. The 
unique changes in glycerol and sudden declines in SCP seem to indicate 
a very dynamic system in this insect, providing it with the ability to 
adjust to extreme temperature changes that are common in the upper 
midwest during the winter months. 
Desiccation and Disease 
Desiccation and disease can be quite important in overwintering 
survivorship. Mortality from desiccation and disease can appear very 
similar upon initial field observations. However, no disease was found 
in association with overwintering MWW pupae. Furthermore, the presence 
of disease as a natural control agent of overwintering MWW pupae has 
not been reported. 
Several authors (Payne, 1926b; Somme. 1964; Ring and Tesar. 1981) 
report that some insects can lose water, lower their SCP, and use this 
as a strategy to survive cold temperatures. The current study seems to 
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indicate that desiccation has a detrimental effect and is of little 
value to this insect in its supercooling ability. This is evident from 
laboratory examinations of pupae taken from the open area at Location 5 
in which severe desiccation had occurred, the resulting emergence levels 
being less than 10%. Desiccation from exposure to strong winter winds is 
a possible factor, but the effect that this may have on the physiology 
and overwintering ability of the insect is not certain. The degree of 
desiccation that the insect can tolerate warrants further study. Why 
pupal mortality in the open area at Location 4 was significantly higher 
than the other four locations is not clear. One possible explanation is 
that the location as a whole is more exposed, allowing for a more severe 
drying effect from strong winter winds. Pupae situated behind shutters 
at this same location had showed a mean emergence of 71% for the entire 
winter. In addition, the author has observed that pupae exposed on the 
trunks of honeylocust trees for the duration of the winter are extremely 
desiccated by the following spring. Very few pupal cases have been 
observed extending from exposed pupal cocoons, indicating a very low 
emergence rate. The physiological effects of desiccation on overwinter­
ing insects and the relationship to cold exposure is not clear. In the 
case of the open area at Location 4, where high mortality rates occurred, 
it is possible that the combination of cold exposure and severe 
desiccation may be responsible for pupal mortality. 
It seems, from this study, that severe winter conditions can act 
as important natural control agents of mimosa webworm populations at 
these latitudes. However, further work needs to be conducted in order 
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to understand the environmental cues that stimulate glycerol production, 
diapause, and other physiological mechanisms. 
Pest Management Recommendations 
Based on the overwintering biology of the MWW, several recommenda­
tions are proposed to minimize outbreak problems when locating new 
honeylocust trees and for honeylocust trees already established. First, 
honeylocust trees should be planted as far away from heated structures 
as possible. This will reduce the number and availability of highly 
protected overwintering sites, thus leaving the pupae exposed to severe 
winter conditions. Second, if a tree is located close to a heated 
structure regardless of the severity of the winter, a remnant of the 
population will survive, thus necessitating surveillance and increasing 
the probable need for at least one spray during the growing season. 
Mimosa webworm have the potential to build back to high population 
levels by the end of the second generation even if first generation 
populations are quite low. If populations are low following a severe 
winter, then spraying to reduce first generation larval populations 
may be all that is necessary. However, if populations are high 
following a mild winter, spraying for first generation larval popula­
tions will be imperative in order to prevent rapid buildup of second 
generation populations. 
For landscapes with honeylocust trees already established, home­
owners and/or arborists should examine the exterior portions of the 
home or building and physically remove any pupal cocoons prior to 
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spring. This can be done by simply pulling and/or scraping the silken 
cocoons from the surface to which they are attached. Also, wrapping 
the trunks of the honeylocust tree at eye level with strips of cardboard 
or similar material in early September will aid in collecting large 
numbers of pupae. The wraps should be removed by early November and 
destroyed. By incorporating these recommendations into an overall 
pest management plan, the effect of environmental hazards can be 
enhanced, in turn reducing outbreak levels and often reducing the 
number of chemical sprays needed in any one season for MWW management. 
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CONCLUSIONS 
1. Prolonged cold exposure with cold accumulation rates of ca. 
20.0/day or greater for a period of 14-21 days will result in extremely 
high mortality levels. 
2. Minimum ambient air temperatures that equal or exceed the SCP 
of the insect, at a given point in time, will be lethal, will override 
any previous cold accumulation and/or acclimation, and will result in 
mortality levels approaching 100%. 
3. A small percentage of MWW pupae overwinter in highly protected 
sites that average 2.5-5.0°C warmer than ambient air temperatures in 
the urban environment. This difference results in lower cold accumula­
tion and reduces the probability that these pupae will reach the lethal 
SCP temperature. 
4. Pupae located in open areas suffer significantly greater 
mortality than do pupae in highly protected areas. Also, pupae in these 
open areas tend to experience greater desiccation from drying winds. 
5. The MWrJ seems to have a very dynamic system that is capable of 
producing significant amounts of glycerol after severe cold periods. 
This is probably responsible, at least in part, for the insect's ability 
to lower its SCP temperature 6-8°C in a very short period of time. 
6. By considering the overwintering biology of the MWW and avoiding 
favorable overwintering sites when locating new honeylocust trees, 
some outbreak problems can be minimized. This in turn can enhance the 
effect of environmental hazards, often reducing the number of chemical 
sprays needed in any one season for MWW management. 
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